INTRODUCTION
Heat treatment of yellowed tobacco during curing, recently discussed by one of us (1) , constitutes a means of altering the colour and certain chemical characteristics of tobacco. The method which involves rapid increase of the temperature of high moisture leaf to about 8o° C for a limited time, produces extensive protoplasmic disorganization for effective initiation of oxidative browning (o-diphenol oxidation), The subsequent reaction and color change occurs rapidly and, under optimal conditions, can go to completion within 2.0 to3ominutes. The degree of oxidative browning can, essentially independent of other parameters, be regulated by variation of leaf temperature and exposure time.
In view of the fact that observed color changes are related to certain chemical changes in the leaf (1-3) in particular to significant reduction in polyphenol and nicotine contents, it was of obvious interest to examine the dternical composition and ciliotoxic effects of smoke derived exclusively from such tobacco. The present study was therefore undertaken and deals with differences observed between tobaccos heat-treated in the laboratory or in the curing barn and corresponding conventionally cured material as regards particulate matter, nicotine, phenol and ciliotoxic activity of the smoke. Moreover, a detailed gas dtromatographic and mass spectrometric examination of the gas phase of fresh smoke from these differently treated tobaccos has been performed.
MATERIALS AND METHODS

Tobacco and Cigarettes
Tobacco (Nicotiana tabacum L., cv. NC 2.3z6) was grown for this study at the Tobacco Research Station, Oxford, N.C., during 1968. Normal cultural practices were followed. Tobacco was harvested at maturity with four successive primings at approximately z-week intervals over a period of six weeks. At each harvest the tobacco was randomized and submitted to three distinct curing treatments as follows:
1.. Control: Tobacco was yellowed and dried by the conventional Sue-curing schedule. Curing conditions were accomplished in compartmental curing facilities as described by Humphries and ] ohnson (4). During the yellowing phase, air was circulated at approximately 35° C and 85-90°/o r.h. for about 36-72 hours. Drying was accomplished by progressively increasing air temperature to about 75° C over a 30-hr period, with concurrent reduction of humidity, then maintaining this temperature until midribs were dry. The total curing period was approximately four to five days.
z. Heat treatment in laboratory (HTL): Yellowing and drying conditions for this treatment were identical to the control. However at the end of yellowing, tobacco was removed from the curing units and brought to high moisture by immersion of petioles in water for several hours. Leaves were then heat-treated by passing them in a vertical plane between two banks of infrared lamps. Within zo seconds, the leaf temperatures was elevated to 8o° C, thus initiating oxidative browning. The reaction was then allowed to proceed to compietion at room temperature for at least 30 minutes, and the tobacco was replaced into the curing units and dried in the same way as the control.
3· Heat treatment in curing barn (HTB):
Again yellowing and drying conditions were identical with the control; however a heat treatment was imposed on the yellowed leaf directly in the barn. The barn was closed tightly and air-recirculated. Then the air temperature was rapidly elevated to 80° C within 3o-6o min. to effect oxidative browning. Air humidity within the barn during this period was near saturation. The dampers were then opened, temperatures were lowered within minutes to 35° C and drying allowed to proceed according to the schedule for the control.
Following drying, all samples were conditioned for handling without breakage and were stored for sub· sequent processing and evaluation. Prior to cigarette manufacture, tobacco from various leaf positions (four harvests) within each treatment DOI: 10.2478/cttr-2013-0275 was composited and uniformly blended. Cigarettes (70 X 8 mm) were prepared by a cooperating tobacco manufacturer using 32 cuts/inm and a regular type of cigarette paper. In manufacturing the cigarettes, the machine was set to amieve cigarettes from the three tobacco lots having the same draw resistance.
Smoking Procedure and Chemical Examination of the Smoke
On arriving in Sweden the cigarettes were moistureequilibrated at 65 per cent relative humidity and 25° C. The cigarettes prepared from the tobacco heattreated in laboratory or heat-treated in curing barn were selected to within ± 20 mg of an average weight of 790 mg and to within ± 20 mg of an average weight of 885 mg respectively. The corresponding figures for cigarettes made from conventionally cured material were ± 20 mg and 873 mg.
All types of cigarettes were smoked mechanically on a Phipps & Bird mamine (5) using Cambridge filters for trapping the particulate matter (puff volume 35 ml, puff ·duration 2 sec., puff frequency 1. puff/min., butt length 23 mm). The determination of the amount of total particulate matter and its water content were performed according to the CO REST A standard method no. 1.0 (6) . The amount of nicotine was determined by the CORESTA standard method no. 1.2. (7). The determination of "phenol" in the particulate matter, whim accounts for 97 percent of total smoke "phenol" value according to earlier investigations, was accomplished using a method of Williamson {8) modified by Carlson (9), which is based on spectroscopic determination (480 nm) after treatment of the separated acidic material with diazotized p-nitroaniline. The results of these determinations are given in Table 4· Ciliotoxicity of the Smoke
The ciliotoxicity of the smoke derived from the three types of cigarettes was examined by passing the fresh smoke over rabbit tramea in vitro and observing the number off puffs required to complete ciliostasis using conditions discussed in detail elsewhere (1.o). In the present investigation five determinations using five pieces of tramea were performed with the cigarettes prepared from the two differently heat-treated materials 
Gas Chromatographic and Mass Spectrometric Examination of the Gas Phase
The smoking was accomplished with the aid of a device described in a previous paper in this series (n). The cigarettes were smoked in puffs of 35 ml during two seconds and with one minute intervals. In the present investigation all gc and ge-ms analyses were performed on the third puff. The gas chromatographic separation was carried out on a previously described homemade instrument, which has a very small dead volume in the inlet-split-tocolumn and column-to-detector connections (1.2.). The instrument has been modified in sum a way that a linear temperature programming between -70° and 1.30° C can be achieved. A glass capillary column (no m, i. d. 0.2 mm) coated with SF 96 and having and efficiency of above 50o,ooo theoretical plates (measured for toluene at room temperature) was used, both when a flame ionisation detector and an LKB 9000 mass spectrometer were employed for detection. The analyses were performed by injecting 1.0 ml of gas phase using a split ratio of 1. :40 and increasing the temperature of the column oven from -70° to 1.30° C linearly at 2°/min. The injection blod< was kept at 1.00° C and the detector at 1.50° C. Nitrogen (inlet pressure 1..9 kg/cm 2 , flow rate 0.30 ml/min. at 20° C) was used as carrier gas when the flame ionisation detector was utilised and the results obtained are given in Figure 1 .. When the column was attamed to the separator of the mass spectrometer, whim was kept at 22o° C, the coupling previously described by Novotny (1.3) was used. Nitrogen was substituted for helium as carier gas and the inlet pressure increased to 3 kg/cm 2 • The mass spectra were recorded at 70 e V with the aid of a data acquisition system developed by Bergstedt et al. (1.4), whim was coupled on line to the mass spectrometer. A small computer with computing routines for bad<ground subtraction and normalization was employed to facilitate and improve the accuracy of the analysis of the recorded spectra. The compounds identified or representing the best fit are given in Table 5 , which also details the retention times and molecular weights of the majority of the compounds encountered.
RESULTS AND DISCUSSION
The process of heat treatment of tobacco, recently discussed by ]ohnson (1.), appears potentially important from the standpoint of controlled modification of polyphenols and nicotine. In previous work (3) on laboratory heat treatment of yellowed, turgid tobacco under infrared irradiation, polyphenol contents were reduced by up to 85 Ofo. Chemical analyses of samples from this study were conducted for polyphenols, nico- Table 2 .
Effect of heat treatment In laboratory {HTL) and In barn {HTB) during curing on polyphenol and nicotine contents of tobacco. tine, total nitrogen and reducing sugars. The latter two constituents were not significantly affected; however polyphenols and nicotine showed significant changes as shown in The results show little difference between the laboratory heat-treated tobacco in comparison with the control; however, the barn heat-treated tobacco gave indication of greater mildness and preference in comparison with the control or laboratory heat-treated tobacco. The apparent favorable effect may be related to the longer time of heat treatment in the barn under high moisture and temperature conditions where more extensive biochemical changes could occur.
The results of the determinations of total particulate matter (TPM), dry condensate (TPM minus water), nicotine, "phenols", and ciliotoxic ac,tivity of the smoke derived from the three types of tobacco are summarized in Table 4 , which also gives the average weight per cigarette and the average number of puffs per cigarette.
It follows from these figures and those given in Table 1 . that only fairly minor differences are encountered. However, there are five differences which are noteworthy. Thus the reductions in the nicotine, TMP, dry condensate, and phenol content of the smoke from the tobacco heat-treated in the barn in relation to those of the control are significant even when these figures are compared on the basis of an equal amount of tobacco or equal number of puffs. The reduction 
apparently related to the changes in the tobacco noted above. A further interesting difference, significant at a 95°/o confidence level, is the reduction in ciliotoxicity of the smoke from the tobacco heat-treated in the laboratory in relation to the control. The reasons for this and for the lack of corresponding reduction for the barn heat-treated tobacco are less obvious but may be related to the possibility that the diemical changes occuring in the tobacco on rapid heating under infrared irradiation can take a somewhat different course than in the case of the slower heat treabnent in the barn. In order to establish if the gas phase of the smoke from heat-treated (laboratory and curing barn) and conventionally cured tobaccos differ, analyses were performed with the aid of a high resolution gas duomatographic system described in a previous paper in this series (:12), The results of these studies, which also involved gas chromatography in combination with mass spectrometry, are given in Figure 1 -and Table 5 . All analyses were performed on fresh smoke to suppress secondary reactions. The gas phase of the third puff was analysed and, as detailed in the experimental part, :ro ml of this material were injected directly onto the cooled column without prior condensation or concentration. The reproducible conditions required to allow meaningful comparison between the gas chromatograms of the gas phases from different types of tobaccos were achieved after redesigning the previously described instrument in such a way that the temperature could be increased linearly from-70° to 1-30° C. The limiting factor of reproduceability, as demonstrated by repeated analysis of the same tobacco, was now the inhomogenity of the material analysed. These and similar experiments also revealed certain intensity variations, notably ofthepeaks encountered at the retention-time intervals 1-7-:19 min. (peaks 8--1-o), 28--34min.
(peaks 28--2:1), and 4o-43 min. (peaks 4o--43), and moreover that these effects were randomly distributed and could not be associated with any special type of tobacco. All examinations were performed on a no-meter glass capillary colunm coated with SF 96. This stationary phase was selected because it retains the separation efficiency even at very low temperatures (-70° C) and is well suited for the separation of hydrocarbons and compounds of similar polarity, which, according to the pioneering work of Grob (1-5, 1-6), represent the most prominent group of the gas phase constituents. However, it has the disadvantage that it is less satisfactory for polar compounds. When taking these factors into account it may be concluded that there are no significant differences between the duomatograms of the gas phase from the two types of heat-treated and the conventionally cured tobaccos, d. Figure : r. When coupled to the mass spectrometer, the high resolution of the gas chromatographic system v.:as retained after altering_ the Becker-Ryhage separator as described by_ Novotny (1-3) . While the sensitivity of the flame ionisaion detector was adequate under the conditions used, the concentration of several gas phase components were too low to give satisfactory spectra. A further limitation was the complexity of the gas phase, which restricted the recording of background spectra required to compensate for all bleeding and overlapping effects encountered. The analysis of the mass spectra, recorded with the aid of a data acquisition system, was however simplified and improved by the use of a small computer with computing routines for bad<.ground subtraction and normalization. The mass spectrometric results, summarized in Table 5 , indicate that the vast majority of the compounds in the gas phase from the tobacco heat-treated in laboratory are identical to those of corresponding gas chromatographic properties present in the gas phases from the tobacco heat-treated in curing barn and from the conventionally cured material. Although minor differences are encountered (cf. Table 5 ), these evidently lack significance. It should be noted that the structural assigments made in Table 5 are at different levels of confidence on account of the inherent limitations of mass spectrometry and that many of the assignments only constitute the best fit of the available reference data (:r7-2o). To indicate when the presence of a compound is taken as established the name is given in bold type. In a previous paper in this series (n), a detailed gas chromatographic and mass spectrometric examination of the gas phases of fresh smoke from cigarettes made from freeze-dried tobacco was reported, Comparison of the present results and those obtained for the freeze-dried tobacco reveals no signi6cant difference in the examined gas phases. On the other hand, there are obvious differences from the results earlier reported by Grob (:r6), noticeably in the respect that fewer oxygenated compounds were encountered in the present study. Although it was assumed in the paper dealing with freeze-dried tobacco (n) that these differences could be related partly to the fact that the procedure used by Grob (1-6), involving condensation of the gas phase of cigarette smoke and injection of the condensate as an ether solution, might lead to an increase of oxygenated substituents, it now seems clear from results obtained by Grob (23) that no artefacts arise in the procedure used by him, and hence that the observed differences may rather be a result mainly of different sampling and dtromatographic conditions.
SUMMARY
Heat-treated and corresponding conventionally cured tobacco have been subjected to comparative studies. Ute heat-treating process has been carried out under laboratory and curing barn conditions. Analyses of the three different tobaccos show that the heci.t treatment leads to a considerable reduction of the polyphenols and a less pronounced reduction of nicotine. Determinations of the amount of total par- ticulate matter, dry condensate, nicotine, and "phenol" in the smoke from cigarettes manufactured from the three types of tobaccos show that the heat treatment in the barn gives rise to a small but relevant lowering of these values. Examination of the ciliotoxic effect of the smokes on rabbit trachea in vitro reveals that there is a significant, although moderate, difference between the tobacco heat-treated in the laboratory and the control as regards the number of puffs required to achieve complete ciliostasis. A detailed gas chromatographic-mass spectrometric study using a high resolution glass capillary column and computerised data-acquisition demonstrates the absence of significant differences in the gas phases of the smoke derived from the differently treated tobaccos. L' examen' in vitro de l' effet ciliotoxique des fumees sur les trachees des lapins revele qu'il y a une difference signiflcative, quoique moderee, entre le tabac traite a la chaleur au laboratoire et le controle en ce qui conceme le nombre de bouffees necessaires pour achever la ciliostase complete.
ZUSAMMENFASSUNG
Une etude detaillee par chromatographie en phase gazeuse-spectrographie de masse, utilisant des colonnes capillaires en verre a haute resolution, ainsi que de donnees acquises par traitement sur ordinateur, demontre l'absence de differences signiflcatives clans les phases gazeuses de la fumee derivee des tabacs traites differemment. 
